Surveying the Giant HII Regions of the Milky Way with SOFIA: II. M17 by Lim, Wanggi et al.
Draft version December 9, 2019
Preprint typeset using LATEX style emulateapj v. 12/16/11
SURVEYING THE GIANT H II REGIONS OF THE MILKY WAY WITH SOFIA: II. M 17
Wanggi Lim, James M. De Buizer, and James T. Radomski
SOFIA-USRA, NASA Ames Research Center, MS 232-12, Moffett Field, CA 94035, USA
(Revised December 9, 2019)
Draft version December 9, 2019
ABSTRACT
We present our second set of results from our mid-infrared imaging survey of Milky Way Giant H II
regions. We used the FORCAST instrument on the Stratospheric Observatory For Infrared Astronomy
to obtain 20 and 37µm images of the central ∼10′×10′ area of M 17. We investigate the small- and
large-scale properties of M 17 using our data in conjunction with previous multi-wavelength observa-
tions. The spectral energy distributions of individual compact sources were constructed with Spitzer-
IRAC, SOFIA-FORCAST, and Herschel-PACS photometry data and fitted with massive young stellar
object (MYSO) models. Seven sources were found to match the criteria for being MYSO candidates,
four of which are identified here for the first time, and the stellar mass of the most massive object,
UC 1, is determined to be 64M. We resolve the extended mid-infrared emission from the KW Ob-
ject, and suggest that the angle of this extended emission is influenced by outflow. IRS 5 is shown
to decrease in brightness as a function of wavelength from the mid- to far-infrared, and has several
other indicators that point to it being an intermediate mass Class II object and not a MYSO. We
find that the large-scale appearance of emission in M 17 at 20µm is significantly affected by contam-
ination from the [SIII] emission line from the ionized gas of the giant H II region. Finally, a number
of potential evolutionary tracers yield a consistent picture suggesting that the southern bar of M 17
is likely younger than the northern bar.
Subject headings: ISM: H II regions — infrared: stars – stars: formation – infrared: ISM: continuum
– ISM: individual(M 17, NGC 6618, M 17 UC1, M 17 IRS5, KW Object)
1. INTRODUCTION
This is the second paper in a series of studies of the
infrared properties of galactic giant H II (GH II) regions.
An overview of the nature of GH II regions and why
they are important to study is highlighted in detail in
the introduction of Lim & De Buizer (2018; hereafter
“Paper I”). To summarize in brief, GH II regions are
areas within galaxies where the majority of high-mass
star formation is occurring. Galaxies like the Milky Way
contain on the order of 50 of these regions and the bolo-
metric flux of entire host galaxy is dominated by their
emission. They are identified by being extremely bright
in the infrared due to the high levels of heating of their
dusty environments, and by their bright cm radio con-
tinuum emission, due to the copious amount of Lyman
continuum photons that the young OB stars produce
(1050 − 1052 LyC photons s−1;Conti & Crowther 2004).
The emitting region of the radio continuum from these
sources is typically quite large, spanning a few to 10s of
pc in size. GH II regions are useful laboratories for the
study of high-mass star formation as well as star cluster
formation within starburst-like galactic environments.
Our original source list comes from Conti & Crowther
(2004) who published an article identifying all 56 of the
bona-fide GH II regions in our Galaxy. We aim to com-
pile a 20 and 37µm imaging survey of as many of these
GH II regions within the Milky Way as we can with
the Stratospheric Observatory For Infrared Astronomy
(SOFIA) and its mid-infrared instrument FORCAST,
creating complete and unsaturated maps of these regions
with the best resolution ever achievable at our longest
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wavelength (i.e., ∼3′′ at 37µm). From our observations
of these sources individually and as a group we will gain
a better understanding of their physical properties indi-
vidually and as a population.
In this paper we will concentrate on the GH II region
M 17. At a distance of 1.98 kpc (Xu et al. 2011), M 17 is
the closest GH II region to Earth and consequently has
been the subject of numerous studies. At optical wave-
lengths the region is dominated by the reflection nebula
known as the Omega Nebula (or Swan Nebula) due to
its overall shape. Located within this optical nebulos-
ity is a young (<106 yr; Hanson et al. 1997) open cluster
called NGC 6618, whose ∼100 O and B-type stars (e.g.,
Chini et al. 1980; Hanson et al. 1997; Hoffmeister et al.
2008) are responsible for the heating and reflected emis-
sion seen as the Omega Nebula. The central stars in this
cluster are also mostly responsible for the ionization of
the GH II region here, which physically separates the two
major extended infrared structures known as the north-
ern bar, or M 17 N (a.k.a. “M 17-North”), and southern
bar, or M 17 S (a.k.a. “M 17-South”). M 17 S is bordered
to the southwest by a large, dense molecular cloud re-
ferred to as M 17 SW (Lada & Chaisson 1975). M 17 S
is also the transition region between the H II region and
the M 17 SW molecular cloud, and is therefore perhaps
the best-studied edge-on photodissociation region (PDR)
in the Galaxy (e.g., Pellegrini et al. 2007, and refer-
ences therein). M 17 contains three compact sources that
have been extensively studied: the region’s brighest radio
peak, UC 1 (Felli et al. 1984); its radio-quiet but equally
bright infrared neighbor IRS 5 (Chini et al. 2000); and
the so-called Kleinmann-Wright Object (“KW”: Klein-
mann & Wright 1973), which is a very bright infrared
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source that is isolated and to the southwest of the larger
infrared emitting areas of the M 17 nebula.
Like our previous target of study (W 51 A; Paper I)
M 17 is sufficiently large, complicated, and well-studied
that we devote to it this entire paper. In the next section
(Section 2), we will discuss the new SOFIA observations
and give information on the data obtained for M 17. In
Section 3, we will give more background on this region as
we compare our new data to previous observations and
discuss individual sources and regions in-depth. In Sec-
tion 4, we will discuss our data analysis, modeling, and
derivation of physical parameters of sources and regions.
Our conclusions are summarized in Section 5.
2. OBSERVATIONS AND DATA REDUCTION
The observational techniques and data reduction pro-
cesses employed on the M 17 data were, for the most part,
identical to those described in Paper I for W 51 A. We
will highlight below some of observation and reduction
details specific to the M 17 observations, however for a
more in-depth discussion of these details and techniques,
refer to Paper I.
The data presented here for M 17 was obtained dur-
ing SOFIA’s Cycle 5 using the FORCAST instrument
(Herter et al. 2013) on the nights of 2017 August 2 (Flight
425), 2017 September 26 (Flight 433), and 2017 Septem-
ber 27 (Flight 434). In an attempt to expand the spa-
tial coverage of our infrared maps out even further from
the center of the GH II region, M 17 was revisited in
the summer of 2018 during Cycle 6. However, due to
an instrumentation issue, the Cycle 6 data could not be
properly corrected for distortions in the optical plane,
making it impossible to incorporate into the Cycle 5
data map. This outer region of M 17 was found to con-
sist of extended dust emission structures, though there
is one point-like source in the Cycle 6 data (which we
name Source 1), which is likely associated with an am-
monia clump named MSX6C G014.9790-00.6649 found
by Urquhart et al. (2011). Since the photometric cali-
bration of the Cycle 6 data for Source 1 is good, we will
include it in our analyses of compact objects within M 17
in Section 4. We also included a sub-frame of a Cycle 6
pointing towards the KW object, since it was partially
off the edge of the array in the Cycle 5 data.
FORCAST is a dual-array mid-infrared camera capa-
ble of taking simultaneous images at two wavelengths.
The short wavelength camera (SWC) is a 256×256 pixel
Si:As array optimized for 5-25µm observations; the long
wavelength camera (LWC) is a 256×256 pixel Si:Sb ar-
ray optimized for 25-40µm observations. After correc-
tion for focal plane distortion, FORCAST effectively
samples at 0.′′768 pixel−1, which yields a 3.′4×3.′2 in-
stantaneous field of view. Observations were obtained
in the 20µm (λeff=19.7µm; ∆λ=5.5µm) and 37µm
(λeff=37.1µm; ∆λ=3.3µm) filters simultaneously using
an internal dichroic.
All images were obtained at aircraft altitudes between
39,000 and 41,000 feet and by employing the standard
chop-nod observing technique used in the thermal in-
frared, with chop and nod throws sufficiently large to
sample clear off-source sky (typically ∼7′). The mid-
infrared emitting region of M 17 GH II is much larger
(∼9′×9′) than the FORCAST field of view, and thus
had to be mapped using multiple pointings. We created
a mosaic from 11 individual pointings, with each pointing
having an average on-source exposure time of about 180s
at both 20µm and 37µm. Images from each individual
pointing was stitched together using the SOFIA Data
Pipeline software REDUX (Clarke et al. 2015) as a test
for producing FORCAST LEVEL 4 imaging mosaics.
Flux calibration for each of the 11 individual pointings
was provided by the SOFIA Data Cycle System (DCS)
pipeline and the final total photometric errors in the mo-
saic were derived using the same process described in
Paper I. The estimated total photometric errors are 15%
for 20µm and 10% for 37µm. All images then had their
astrometry absolutely calibrated using Spitzer data by
matching up the centroids of point sources in common be-
tween the Spitzer and SOFIA data. Absolute astrometry
of the final SOFIA images is assumed to be better than
1.′′5, which is a slightly more conservative estimate than
that quoted in Paper I (i.e. 1.′′0) due to slight changes in
the focal plane distortion and our ability to accurately
correct it with the limited calibration data available for
these observations.
In order to perform photometry on mid-infrared point
sources, we employed the aperture photometry program
aper.pro, which is part of the IDL DAOPHOT pack-
age available in The IDL Astronomy User’s Library
(http://idlastro.gsfc.nasa.gov).
3. COMPARING SOFIA IMAGES TO PREVIOUS
IMAGING OBSERVATIONS
The large-scale extended 20 and 37µm emission of
M 17 (Figure 1) covers predominantly the same area
as the wide-spread 21 cm continuum emission as seen
by Felli et al. (1984), however there are major differ-
ences in the internal structure of the emission seen at
the two infrared wavelengths. The 20µm image of M 17
shows brighter emission towards center of the nebula,
and grows fainter with radius (Figure 2). The 37µm
emission brightens further from the center of the neb-
ula (Figure 3). The naive assumption for this difference
would be dust temperature, with the 20µm tracing the
hotter dust closer to the ionizing stars of NGC 6618 near
the center of the nebula, and the 37µm tracing cooler
dust at a larger distance. However, there is actually a
much greater correlation in morphology and brightness
distribution of the dust in the 37µm map with the Spitzer
images at 3.6–5.8µm and even the Herschel 70µm im-
age, than the 20µm map. This is most evident in Figure
1, where blue is represented by the 20µm data and is
much more prominent in the inner regions of the nebula,
whereas the 37µm (green) and 70µm (red) emission are
much more co-spatial. We have discovered in the data
from this survey that the fluxes measured in the 20µm
filter of the FORCAST instrument on SOFIA can often
have enhanced emission due to the presence of a very
strong [S III] emission line at 18.71µm when looking at
ionized regions. For M 17, this is evidenced by the spec-
tra from ISO taken at different locations from near the
center of the nebula to the southwest across the M 17 S
bar (see Appendix D). These spectra not only show the
presence of bright [S III] emission within the nebula, but
they also show a trend where the line strength grows
as you approach the brightest areas of 20µm emission,
reaching line fluxes of thousands of Jy above the dust
continuum. Therefore, the main reason why the large-
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Fig. 1.— A 3-color image of a ∼ 10′ × 10′ field centered on M 17. Blue is the SOFIA-FORCAST 20µm image, green is the SOFIA-
FORCAST 37µm image, and red is the Herschel-PACS 70µm image. Overlaid in white is the Spitzer -IRAC 3.6µm image, which traces
the revealed stars within M 17, field stars, and hot dust .
scale 20µm morphology looks significantly different from
the images at all other infrared wavelengths in M 17 is
likely due to enhanced flux from the emission of [S III]
tracing the ionized gas being liberated from the inner
walls of M 17 N and M 17 S that are facing the central O
stars of the revealed NGC 6618 stellar cluster. Another
difference between the 20 and 37µm images is that the
20µm emission of M 17 S does not extend as much to-
wards the southwest into the M 17 SW molecular cloud
as the 37µm emission does, while the emission at 20
and 37µm is similar in overall extent for the M 17 N re-
gion. These effects are likely due to the fact that the
overall extinction towards M 17 N is far less than M 17 S,
as evidenced by the presence of optical and Hα emis-
sion only associated with M 17 N (e.g., Ishida & Kawa-
jiri 1968; Clayton et al. 1985). Consistent with this are
measurements towards M 17 that show smaller visual ex-
tinctions varying across M 17 N with AV values between
∼0.4 and ∼6 magnitudes, and larger AV values between
∼6.5 and ∼14.5 magnitudes across M 17 S. (Ando et al.
2002; Glushkov et al. 2005).
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Fig. 2.— M 17 image mosaic taken at 20µm by SOFIA shown in inverse color (i.e. brighter features are darker in color). Sources discussed
in the text are labeled. Areas of Interest (AOI1, AOI2) which are discussed in Appendix B and shown in Figure 15 are surrounded by
dashed boxes. The highest contour of C18O emission from (Wilson et al. 2003), is shown as a reference for the location of the center of the
M 17 SW molecular cloud (dotted line). The star symbols represent the 5 most massive (>O7) stars in the central 1′ radius of the open
cluster NGC 6618 (from Hanson et al. 1997). The gray dot in the lower right indicates the resolution of the image at this wavelength.
3.1. Discussion of Individual Sources
Given the expansive nature of the cm radio contin-
uum from the GH II region environment, it is difficult
to detect and/or isolate possible emission from individ-
ual sources within M 17, except for the bright emission
from UC 1. Rodr´ıguez et al. (2012) identified a few dozen
compact cm continuum sources at 3.5 and 6 cm with the
JVLA, but in addition to UC 1 and KW, they only de-
tect emission from one infrared-bright source seen in our
20 and 37µm data (CEN 92, a.k.a. B 331).
The vast majority of the previously identified young
stars discovered via near-infrared imagery (e.g., Beetz et
al. 1976; Chini et al. 1980; Hanson et al. 1997; Jiang et
al. 2002) are not detected in the 20 and 37µm images we
present here. In fact, only one of the six young stellar ob-
ject (YSO) candidates identified in the near-infrared by
Hanson et al. (1997) has detectable mid-infrared emis-
sion (CEN 92). There have been mid-infrared studies
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Fig. 3.— M 17 image mosaic taken at 37µm by SOFIA shown in inverse color (i.e. brighter features are darker in color). Labeling is the
same as in Figure 2.
identifying high-mass Class I sources or massive young
stellar objects (MYSOs; e.g., Nielbock et al. 2001; Chini
et al. 2004), but we do not detect most of them in our
20 and 37µm maps. Some of these sources may simply
be misclassified, like the silhouette disk source M 17-SO1
(Chini et al. 2004) and massive Class I candidate CEN 34
(Nielbock et al. 2001) which have since been reclassified
as a low-mass object (Sako et al. 2005) and a background
post-AGB star (Chen et al. 2013), respectively. However,
some of these sources are likely to be more evolved Class
II or III sources, and/or low-mass such that the emis-
sion from their circumstellar environment is too faint to
be seen against the infrared background of the extended
M 17 GH II region.
In the subsections that follow, we will discuss several
compact and individual objects of interest that were de-
tected in the SOFIA maps, and comment on new insights
that these data bring to bear on their nature. We will
also discuss other areas of interest within M 17 in Ap-
pendix B.
3.1.1. Kleinmann-Wright Object (a.k.a. M 17SW IRS 1)
The KleinmannWright (KW) Object (Kleinmann &
Wright 1973), is a binary system seen in the near-infrared
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Fig. 4.— The Kleinmann-Wright Object (a.k.a. M 17SW IRS 1). a) SOFIA 20µm image; b) SOFIA 37µm image; and c) Herschel 70µm
image. The location of the 20µm peak is given by the X symbol, and the location of the radio continuum peak JVLA 3 from Rodr´ıguez
et al. (2012) is given by the square. The plus symbols show the positions of the two near-infrared sources from Chini et al. (2004), with
the northernmost source being their Source 2 (KW-2) and the southernmost Source 1 (KW-1). d) An RGB image with the wavelengths
representing each color given in the lower right corner. The gray circles in the lower left of the panels show the spatial resolution of the
images in those panels.
with a position angle of about 45◦ (Jiang et al. 2002;
Chini et al. 2004). While almost all of the infrared
sources as well as the extended infrared emission of M 17
is situated to the north and east of the M 17 SW molec-
ular gas peak (e.g. in C18O; Wilson et al. 2003), KW
is situated to the southwest of this peak (Figures 2,3).
The more luminous source of the KW binary is named
KW-1 and is suspected to be a candidate Herbig Be star
(Chini et al. 2004; Hanson et al. 1997). Previous model
fits to the spectral energy distribution (SED) of KW-1
suggest a ∼10 M central star (Chini et al. 2004; Povich
et al. 2009), consistent with a B0-B1 ZAMS spectral type
(Blum et al. 2000).
Though the KW object is hypothesized to be the cen-
tral member of a young stellar cluster whose members
are all visible in the near-infrared (Chini et al. 2004), in
the SOFIA mid-infrared images (Figures 1,2,3), KW is
separated by more than an arcminute (∼0.6 pc) in any
direction from any other mid-infrared point source, and
is fairly isolated from the bulk of the extended infrared
dust emission of M 17. We do not detect a binary at
the location of KW, even in deconvolved 20µm images
(not shown) which had a final resolution of 1.′′6 (full
width at half maximum) which should have been suf-
ficient to at least marginally resolve the binary whose
sources are separated by about 1.′′3. Our astrometric ac-
curacy also is not sufficient to know which of the two
near-infrared sources is closest to our mid-infrared emis-
sion peaks. Chini et al. (2004) claim that source KW-
1 is the dominant source at 2µm and longer, and thus
we are likely only sampling emission from KW-1 with
SOFIA-FORCAST. If this is the case, our SED models
and derived parameters for this source can be considered
a good approximation for KW-1 only. In that regard,
our model fits to the SED containing the SOFIA data
(Section 4) do yield an estimated mass of 8 M for the
KW object, consistent with previous estimates and with
the source potentially being a Herbig Be object.
Moreover, we detect a faint larger-scale nebulous emis-
sion that is extended east-west around the KW Object
at 20µm (Figure 4). At 37µm, the extended emission
is also dominantly east-west but, further out (>5′′), it
begins to turn-up and extend more to the north-east.
This extension to the northeast is readily seen in the
Herschel 70µm data (Figure 4c-d). Given its morphol-
ogy as a function of wavelength, it is possible that the
extended emission from 20–70µm is tracing an outflow
cavity from KW (or an unidentified nearby source). As of
now, there has not been any successful attempt to map
an outflow from this source in any of the typical out-
flow tracers, however the near-infrared observations of
Chen et al. (2012), show extended emission and a bipo-
lar polarization pattern with a east-west extension which
they claim is indicative of an outflow at a position angle
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of ∼90◦ (i.e. at the angle of the extended mid-infrared
emission). Furthermore, Rodr´ıguez et al. (2012) detect
a compact radio source within a few arcseconds of the
SOFIA infrared peak of the KW Object and postulate
the radio source is associated with KW somehow (Fig-
ure 4). They state that the radio spectral index of this
source (α ≥ 0.9) is consistent with a hypercompact H II
region, however, it is also consistent with the spectral
index of ionized outflows or jets (Reynolds 1986; Purser
et al. 2016).
3.1.2. The UC 1 and IRS 5 Region
Early radio continuum observations of this region by
Felli et al. (1984) revealed a bright and compact radio
source which was dubbed UC 1. Felli et al. (1984) was
also first to resolve the radio continuum emission of UC 1
into a cometary shape, and given its size (∼0.004 pc),
this source is classified as a hypercompact H II region
(Rodr´ıguez et al. 2012). It is postulated that the central
stellar source of UC 1 is surrounded by an circumstellar
accretion disk (Nielbock et al. 2007). To the north and
south of UC 1 is an “arc-shaped structure” in the radio
continuum (Johnson et al. 1998) which is now believed
to be tracing the ionization front between the extended
H II region to the northeast and the molecular cloud of
M 17 SW to the southwest. IRS 5 is located ∼7′′ to the
southwest of UC 1 (Figure 5) and detected as a bright in-
frared source with no cm radio continuum emission coun-
terpart (Chini et al. 2000).
Our 20 and 37µm images of the UC 1 and IRS 5 re-
gion look very different from each other. Looking at
the larger scale environment, there is a bright infrared
ridge (labeled “Ridge” in Figures 2 and 3) extending for
more than an arcminute, with its central portion becom-
ing the radio “arc-shaped structure” that curves around
UC 1 and IRS 5. This infrared ridge is better traced by
the 37µm image than the 20µm image; the bulk of the
20µm emission is to the northeast of the ridge, and ter-
minates near the crest of the 37µm emission along the
entire ridge. Given that the 20µm filter is very sensitive
to the [S III] line at 18.71µm, it is likely a better tracer of
the large-scale H II emission in the interior of M 17 rather
than the continuum emission from the dusty structures
bounding the ionized region. The 20µm emission also
traces fairly well the radio continuum and recombination
line emission seen by Johnson et al. (1998) and the ra-
dio “arc-shaped structure” (Figure 5a). Conversely, the
37µm emission, like the emission in the IRAC 3.6–5.8µm
images, traces this dusty ridge, however there is some ex-
tended 37µm emission to the southwest of the ridge seen
only at 37µm.
Now looking at the sources of interest, UC 1 and IRS 5
appear to have comparable brightness at 20µm, however
at 37µm IRS 5 is significantly fainter than UC 1, and in
the Herschel 70µm images UC 1 is the only obvious peak
in the region (Figure 6), though there is a high level of
environmental emission in the area. For UC 1, we also
detect an extended source that appears elongated to the
north at 20µm, but more to the northwest at 37µm.
There is no detection of the nearby near-infrared source
B 273 (Chen et al. 2015) at these wavelengths (Figure
5b). Chen et al. (2015) show that at 12µm with high
spatial resolution (∼0.′′3) B 273 is barely detectable, so
its emission at 20 and 37µm is probably negligible com-
pared to UC 1. The northern elongation of UC 1 at 20µm
may be due to the ionization front which extends north-
ward. The extension in emission to the northwest seen at
37µm appears to be following the bright infrared ridge
continuing to the northwest from the north of the radio
“arc-shaped structure” (Figure 5a). Our derived lumi-
nosity (∼ 8.6 × 105L, see §4.1) for UC 1 indicates it is
a very massive young source, consistent with the known
hypercompact H II nature of the object.
The overall shape and extent of IRS 5 looks similar at
both 20 and 37µm. IRS 5 was shown to be surrounded
by four additional, far fainter, near-infrared sources by
Chen et al. (2015). We do not detect/resolve the emis-
sion from any of these other nearby sources and at the
longer wavelengths of SOFIA it appears that the dom-
inant near-infrared source (labeled IRS 5A by Chen et
al. 2015) is the only source we are seeing at wavelengths
≥20µm.
While the exact nature of UC 1 is rather clear, the na-
ture of IRS 5 is not. Based upon their best-fit models
to the SED, Kassis et al. (2002) postulate that IRS 5
is a young B0 star surrounded by a dusty shell in a
phase before the onset of an H II region, and thus at
a younger stage of evolution than UC 1. This does not
seem plausible because there is no discernible emission
from IRS 5 in the far-infrared, which is expected from the
envelope of a heavily self-embedded pre-ionizing stage of
an MYSO. Also, the near-infrared observations by Chen
et al. (2015) show emission from IRS 5 down to wave-
lengths as short as J-band, while UC 1 show emission
only at wavelengths K-band and longer, signifying that
UC 1 is likely to be more highly embedded than IRS 5.
Chen et al. (2015) postulate that the emission we are
seeing in the infrared is perhaps an outflow lobe/cavity,
however this also seems unlikely since observations of
such structures should show emission in the far-infrared
(e.g. De Buizer et al. 2017). The higher spatial reso-
lution (∼0.3′′) 11.85µm images from Chen et al. (2015)
show that IRS 5 appears to be an extended region of
emission bisected by a dark lane. Given this morphol-
ogy, if IRS 5 no longer has an envelope (as evidenced by
the lack of far-infrared emission) and has no detectable
cm radio continuum emission, we postulate that it is a
more evolved Class II YSO with a non-ionizing central
star (i.e. has a mass less than ∼8 M) with an edge-on
disk that is optically thick in the mid-plane in the mid-
infrared and where the infrared emission is coming from
the flared disk surfaces. Further evidence of the poten-
tially more evolved and lower mass nature of IRS 5 comes
from the near-infrared spectroscopic results of Chen et al.
(2015) that show that IRS 5 does not display hydrogen
emission lines that are indicative of ongoing accretion ac-
tivity, and has a near-infrared spectrum of a mid-/late-B
type star. Our SED fitter also cannot find a fit to the
data for this source with any of the MYSO models (see
§4), again suggesting that IRS 5 is not a MYSO.
3.1.3. CEN 92 (a.k.a. B 331, IRS 2)
CEN 92 is a source with a known infrared-excess at
wavelengths longer than 2µm (Ramı´rez-Tannus et al.
2017), and has been considered to be a MYSO candi-
date (Hanson et al. 1997). Based on optical spectroscopy,
Hoffmeister et al. (2008) suggest it is a B2 star, consis-
tent with the MYSO hypothesis. Ramı´rez-Tannus et al.
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Fig. 5.— UC 1 and IRS 5. a) An RGB image (blue; SOFIA 20µm; green: SOFIA 37µm; red: Herschel 70µm) with the 1.3 cm radio
continuum emission from Johnson et al. (1998) overlaid as contours. This radio emission shows the bright peak of UC 1 embedded in the
extended emission of the radio “arc-shaped structure”. b) The deconvolved SOFIA 20µm image is shown as contours overlaid onto the
near-infrared image (blue: H-band; green: K-band; red: L-band) from Chen et al. (2015). This region is a zoom-in of the area given by
the box in panel a.
Fig. 6.— UC 1 and IRS 5. In each panel the northern plus symbol shows the positions of the near-infrared peak of UC 1 and the southern
plus symbol shows the near-infrared peak of IRS 5, both from Chen et al. (2015). a) SOFIA 20µm image; b) SOFIA 37µm image; and
c) Herschel 70µm image. The resolution of the images are shown at the lower left corner of each panel. d) An RGB image with the
wavelengths representing each color given in the lower right corner of the panel.
Fig. 7.— CEN 92. The plus symbol shows the centroid location of CEN 92 at wavelengths <20µm. The centroid location of two
astrometric reference sources are shown as X symbols
(the southern most source is Source 5). In panels a-d the wavelength is given in the upper right and the resolution at that wavelength is
given by the circle in the lower right. Panel e shows a three-color image with the wavelength of each color given in the lower right.
(2017) show that CEN 92 also displays emission line fea-
tures indicative of accretion from a circumstellar disk,
again suggesting that it is a youthful source. However,
they also fail to detect helium lines in their near-infrared
spectra, which indicates that the source is a late-B or
early A-type star. This source is detected at cm ra-
dio wavelengths, however, the spectral slope of the ra-
dio emission would indicate that it is due to an ionized
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Fig. 8.— Anon1 region from near-infrared to mid-infrared. In each panel the wavelength is given in the upper right and the symbols are:
large X symbol is the 37µm peak; the small plus symbol is the location reported by Nielbock et al. (2001) of Anon1; the large plus symbol
shows the location of the near-infrared source 2MASS J18202294-1611528; the northern and southern diamond symbols show the positions
of the X-ray sources 239 and 244, respectively, from Broos et al. (2007); and the triangle shows the reference location of the water masers
given by Chibueze et al. (2016). Anon 3 is the bright source in the lower left corner.
wind or outflow (Rodr´ıguez et al. 2012), and likely not
an ultracompact H II region.
Detected by Chini & Wargau (1998) in the optical to
near-infrared from U-band to M-band, this source was
given the name IRS 2. This source was also previously
observed in the infrared from J-band to Q-band by Niel-
bock et al. (2001), and from ∼10-20µm by Kassis et al.
(2002). Our SOFIA observations at 20 and 37µm detect
this source at both wavelengths, but it is less prominent
at 37 than at 20µm. The emission from this source is
peaked at the same location from optical to 5.8µm (i.e.
Spitzer -IRAC channel 3; the source is not visible due to
saturation effects in channel 4), however the 20µm peak
is slightly off (∼1.′′5) to the west of this location (Fig-
ure 7c), and almost 3′′ to the west at 37µm (Figure 7d).
Though our absolute astrometric accuracy is roughly 1.′′5,
there are several nearby mid-infrared point sources (e.g.
Source 5 which is shown for reference in Figure 7, as well
as Anon 1, Anon 3, and Source 4) which do align to a
precision better than this, therefore verifying that these
offsets for CEN 92 at 20 and 37µm are real. At 37µm
the emission is cometary shaped with the tail pointing
to the southwest.
With the offsets in emission at 20 and 37µm, it is
unclear what the nature of this source is. Given that
there is an indication of a radio jet here (Rodr´ıguez et
al. 2012), the offset of mid-infrared could be delineating
an outflow or outflow cavity. However, these are usu-
ally only seen in the mid-infrared if the source is deeply
embedded, and CEN 92 can be readily seen in the opti-
cal. Also, in the case of an infrared outflow from a very
young YSO, the peak is centered on the stellar source at
all wavelengths (if not heavily embedded), or gets closer
to the stellar source as one looks at longer wavelengths
(Zhang et al. 2013; De Buizer et al. 2017). This is not
what is happening in this case. It is also unlikely that
we are seeing two separate YSOs, with the 37µm emis-
sion coming from a nearby but more embedded object
because no emission is seen coming from either location
in images at 70µm or longer wavelengths. It could be
that the emission from all wavelengths is from a single
source that is a more evolved Class II or III intermedi-
ate mass object and the asymmetry of the circumstellar
dust is due to photo-evaporation of the eastern side from
the NGC 6618 cluster. Consistent with this, previously-
derived values of the luminosity of this source show it to
be an intermediate mass object (345 L; Nielbock et al.
2001). Our MYSO fits to the SED fail to fit the data for
this source (Section 4), perhaps due to the lower-mass
and/or more evolved nature of this object.
3.1.4. Anon 1
Anon 1 is an extended infrared source first pointed out
by Nielbock et al. (2001), who claim to detect the source
at J, K, N, and Q-band. Looking at this region (Fig-
ure 8) in the Spitzer -IRAC 3.6 to 5.8µm bands, there
appears to be two infrared sources close to, but not co-
incident with, the position of Anon 1 given by Nielbock
et al. (2001). These two IRAC sources are separated
from each other by ∼5′′, and both are separated from
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Fig. 9.— G015.128 (G015.1288-00.6717) from near-infrared to mid-infrared. In panels a-c the wavelength is given in the upper right,
the diamond is the location of the x-ray source 711 from Broos et al. (2007), and the large plus signs are the K-band peaks of 2MASS
J18203482-160626 (T1), J18203460-1606282 (T2), and J18203452-1606236 (T3). The resolution of the images are shown at the lower left
corner of each panel. d) An RGB image with the wavelengths representing each color given in the lower right corner of the panel.
the location of Anon 1 by about the same amount (Fig-
ure 8). The southernmost of the two IRAC sources is the
brightest in the 3.6µm image, and is coincident with the
2MASS source J18202294-1611528 which is prominent in
the J, H, and Ks bands. This southern IRAC source is
also found in the observations of Broos et al. (2007) to
have X-ray emission (source 244), whose properties are
that of an unembedded, yet young, star.
Our SOFIA 20 and 37µm images of this area show
resolved emission of a compact source whose peak is
coincident at both wavelengths with the northern-most
IRAC source. This source is not seen in the 2MASS J,
H, and Ks data. It is likely, therefore, that Anon 1 is
actually this northern IRAC source which we are also
seeing prominently in the SOFIA data. That means
that the model SED fits by Nielbock et al. (2001) prob-
ably employed the J and K-band data of the southern
source (2MASS J18202294-1611528), but the N and Q-
band data of the northern source. Our SED model fits
for Anon 1 show it to be an intermediate-mass YSO (Sec-
tion 4). Felli et al. (1984) identify a peak here in the
extended 21 cm radio continuum and claim it is a 0.8 Jy
source, however there is no detection of a source here
at 3.5 or 6.0 cm by Rodr´ıguez et al. (2012) which should
have had sufficient sensitivity to detect the source given a
reasonable range of source radio spectral indices. Given
that our model fits show it to be a likely intermediate
mass object, it could be that the radio emission peak of
Felli et al. (1984) is not tracing Anon 1. No other peaks
identified by Felli et al. (1984) are found to correspond to
the infrared sources we see with SOFIA (except UC 1, of
course). However, there are water masers here (Johnson
et al. 1998) coincident with the peak of our mid-infrared
emission. Chibueze et al. (2016) resolved the the maser
emission and show that the emission comes from dis-
crete spots that appear to reside in an expanding bubble
around an embedded YSO. Broos et al. (2007) find an
X-ray source, 239, ∼1′′ to the west of our mid-infrared
peak, and based on the X-ray properties they claim that
this emission is most likely tracing a intermediate-mass
or high-mass embedded protostellar core, consistent with
our SED model fits.
3.1.5. G015.128 (a.k.a. the Triple)
G015.1288-00.6717 (or G015.128 for short) was first
resolved into three near-infrared sources by Lada et al.
(1991), which are spaced ∼2.′′5 (∼5000 au) from each
other. These three sources are referred to as the “Triple”
by Jiang et al. (2002), who point out that they are
surrounded by extended dust emission ∼12′′ in radius
(Figure 9). This circumstellar (r∼12′′) nebulosity sur-
rounding the triplet was found by Chen et al. (2012)
to show a centro-symmetric polarization pattern in the
near-infrared centered on the eastern-most source (their
source T1). The emission from this near-infrared nebu-
losity is elongated at a position angle of 45◦, and they
claim that this is an infrared reflection nebula tracing a
bipolar outflow driven by T1. Consistent with this hy-
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Fig. 10.— Source 7 from near-infrared to mid-infrared. In each panel the wavelength is given in the upper right and the large plus sign
is the near-infrared peak of 2MASS J18202432-1613529. The resolution of the images are shown at the lower left corner of each panel. The
longer line shows the linear structure to the southeast of 2MASS J18202432-1613529 seen in the near-infrared, and the shorter line shows
the location of another linear dust feature seen at longer wavelengths.
pothesis, the region is found to have water maser emis-
sion (Deguchi et al. 2010; Urquhart et al. 2011), which
can be a tracer of outflow activity (e.g., De Buizer et al.
2005).
However, it is the southern-most source (which we will
call T2, adopting the labeling by Chen et al. 2012; how-
ever this source is labeled source 3 by Jiang et al. 2002)
that is the brightest of the three in the near-infrared. T2
was observed in detail by Pomohaci et al. (2017), who
claim that the source is likely an embedded A-type su-
pergiant, and due to the presence of certain photospheric
absorption lines and high levels of continuum excess, po-
tentially a swollen MYSO.
In our SOFIA images, this region looks like a resolved,
single-peaked source (Figure 9). Using other nearby stars
to confirm our astrometry, we find that the peak seen in
both the SOFIA 20 and 37µm images is centered clos-
est to the near-infrared source T1. The distance from
the peak position of T1 in the Spitzer 3.6µm image
(whose coordinates according to the Spitzer IRAC Hand-
book have a 0.′′25 error) to the 20µm peak is 1.′′6, and
1.′′0 to the 37µm peak, which means the peaks at all
three wavelengths are consistent with being co-spatial to
within the combined astrometric errors. There could be
smaller emission contribution by T2 at the SOFIA wave-
lengths since the extended mid-infrared emission pulls in
this direction modestly, but the northern-most source of
the triplet (T3 from Chen et al. 2012) appears to have
no significant mid-infrared emission. We conclude that,
consistent with Chen et al. (2012), T1 is likely to be the
only MYSO in this region and responsible for the illumi-
nation of the infrared nebula seen in the near-infrared.
Given the small or non-existent level of emission from the
other two sources at wavelengths longer than the near-
infrared, those sources are likely to be lower-mass and/or
more evolved objects and not MYSOs. Given that the
emission is dominated by T1 at longer wavelengths, our
modeling of the SED for G015.128 is assumed to be that
of T1 only.
3.1.6. Source 7
All sources discussed thus far are of previously identi-
fied infrared sources. There are several newly identified
mid-infrared sources from this work, however most are
simply point sources. Of these newly identified sources,
one, Source 7, does stand out due to the variability in its
appearance as a function of wavelength.
Source 7 is an extended source at 20 and 37µm and
is located ∼75′′ east of KW. However, in the 2MASS J
and H-band images there is a point source here which is
catalogued as J18202432-1613529. This source is found
to have X-ray emission (source 291; Broos et al. 2007)
and is considered to be a ∼14 M Class III YSO. At
K-band the 2MASS image starts to show an extended
bar-like feature slightly offset to the southeast as well
as an extended emission source to the northeast (Figure
10). These two structures meet perpendicularly, creat-
ing an up-side-down L-shape to the east of J18202432-
1613529. This structure and J18202432-1613529 are both
seen at 20µm with SOFIA (Figure 10), however now
the L-shaped emission feature is brighter and J18202432-
1613529 is fainter. At 37µm, we only see the L-shaped
structure. It is unclear what this bar is, and how it is
related to the near-infrared source. In Paper I, we saw
compact infrared sources interior to dusty arcs (and even
multiple nested arcs), and this might be an analogous
type of structure. In our SED analysis (Section 4), we
assume that the emission is related to and heated by the
stellar source and we derive a best-fit model with a mass
of 8 M, which is slightly less than the mass estimate in
Broos et al. (2007).
4. DATA ANALYSIS AND RESULTS
4.1. Physical Properties of Sub-Components and Point
Sources: SED Model Fitting and Determining
MYSO Candidates
Using the source-finding algorithm from Paper I (i.e.
an optimal extraction method; Naylor 1998), we identi-
fied all potential point-like or compact sources, and have
compiled a list in Table 1 consisting of those sources that
are either isolated from the extended infrared emission
of the M 17 nebula or are visible as peaks at both 20 and
37µm. Among these 16 objects in total are the seven in-
dividual sources discussed in Section 3.1. We also include
Source 1 for which we have photometric data, though
the region containing this source was not included in the
maps in Figures 2 and 3 due to uncorrectable spatial dis-
tortion issues in the images (see discussion in Section 2).
Source 1 is believed to be spatially coincident with the
ammonia core MSX6C G014.9790-00.6649 (Urquhart et
al. 2011) and that position is labeled in Figures 2 and 3.
Table 1 contains the information regarding the posi-
tion, radius employed for aperture photometry, and 20
and 37µm flux densities (before and after background
subtraction) of all these sources. In addition to using the
photometry from the SOFIA data, we performed multi-
band aperture photometry on the Spitzer -IRAC 3.6, 4.5,
5.8, 8.0µm (Table 8) and Herschel -PACS 70 and 160µm
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TABLE 1
Observational Parameters of Compact Sources in M17
20µm 37µm
Source R.A. Dec. Rint Fint Fint−bg Rint Fint Fint−bg Aliases
(′′) (Jy) (Jy) (′′) (Jy) (Jy)
KW 18 20 19.4 -16 13 29.5 7.68 92.86 92.705 15.36 322.33 306.73 M17SW-IRS1
IRS5 18 20 24.6 -16 11 39.4 3.84 236.85 172.48 3.84 590.96 383.52
UC1 18 20 24.8 -16 11 34.3 3.84 272.31 191.25 3.84 1285.05 1081.54
CEN92 18 20 21.6 -16 11 17.7 3.84 22.67 7.90 4.61 128.98 21.89 B331, IRS2
Anon1 18 20 23.0 -16 11 47.6 3.84 19.46 0.29 3.84 84.42 5.75
Anon3 18 20 23.3 -16 11 56.1 5.38 53.68 17.96 5.38 233.41 61.57
G015.128 18 20 34.8 -16 06 24.1 13.06 112.02 64.09 15.36 554.17 394.59 Triple
1 18 20 15.7 -16 14 09.8 6.91 40.62 37.01 11.52 125.35 121.64
2 18 20 18.7 -16 11 57.3 3.84 2.61 0.93 3.84 40.61 7.80
3 18 20 19.3 -16 12 05.9 3.84 1.41 0.36 3.84 35.88 6.74
4 18 20 19.6 -16 10 38.1 3.07 4.70 0.93 2.30 22.37 1.31
5 18 20 22.3 -16 11 28.3 3.84 22.15 2.90 3.84 104.40 21.66
6 18 20 22.8 -16 13 48.0 6.14 8.11 3.92 7.68 75.38 24.64
7 18 20 24.6 -16 13 54.0 11.52 118.72 66.57 13.06 527.99 266.93
8 18 20 29.1 -16 06 00.7 3.84 5.82 3.34 3.84 9.74 4.93
9 18 20 37.6 -16 10 02.6 3.07 3.42 0.74 4.61 23.91 15.30
Note. — R.A. and Dec. are for the center of the photometric apertures used. Fint indicates total flux inside
the aperture. Fint−bg is for background subtracted flux. The estimated photometric uncertainties are 15% for
20µm and 10% for 37µm.
Fig. 11.— A color-color diagram utilizing our background-
subtracted Spitzer -IRAC 3.6, 4.5, 5.8 and 8µm source photometry
to distinguish “shocked emission dominant” and “PAH emission
dominant” YSO candidates from our list of sub-components and
point sources. Above (up-left) of dotted line indicates shock emis-
sion dominant regime. Below (bottom-right) dashed line indicates
PAH dominant regime. We adopt this metric from Gutermuth et
al. (2009).
image data (Table 9) on all sources (see Appendix C).
We employed the same optimal extraction technique as
in Paper I to find the optimal aperture to use for photom-
etry. Background subtraction was also performed in the
same way as Paper I (i.e. using background statistics
from an annulus outside the optimal extraction radius
which had the least environmental contamination).
We used these data to create the near-infrared to far-
infrared SEDs of the identified sources with the intent
to fit them with SED models of MYSOs (Zhang & Tan
2011). In the case of KW, the Spitzer -IRAC data are sat-
urated at all wavelengths, so we used the compiled flux
measurements from Chini et al. (2004) to assist in creat-
ing a complete SED for this source (see Table 6). We also
adopted the flux values of IRS 5, and UC 1 from Kassis
et al. (2002) and Chen et al. (2015). Those bands fill
the wavelength gaps between Spitzer -IRAC and SOFIA-
FORCAST bands. Additionally, we used the infrared
flux values from the Kassis et al. (2002) for CEN 92 (see
Table 7).
An issue with the fluxes derived from the Spitzer -IRAC
data of YSOs at 3.6, 5.8 and 8µm is that they can be con-
taminated by PAH emission (Helou et al. 2001; Draine
& Li 2007), and the 4.5µm fluxes can be contaminated
by shock-excited H2 emission (Reach et al. 2006). As
discussed in Paper I, a color-color diagram ([3.6]-[4.5] vs.
[4.5]-[5.8]) can be used to determine if sources are highly
contaminated by shock emission and/or PAH emission,
and we have employed that technique here again for the
sources in M 17 (Figure 11). Contaminated IRAC fluxes
are set as upper limits to the photometry used in con-
structing the SEDs (and later in the SED fitting). Note
that the IRAC color-color diagram shows that the IRS 5
and UC 1 sources are contaminated by PAH emission.
To be consistent with this, we also set the 8.7µm data
that we adopted from the literature as upper limits for
these sources due to the likelihood of those flux values
being contaminated by the 8.6µm PAH feature. Though
we could not put KW on the color-color diagram due to
saturation issues, we will make this same assumption for
the 8.7µm data that we adopted from the literature for
KW.
The Herschel 70 and 160µm data are set to be up-
per limits for most sources due to the coarser spatial
resolution (∼10′′) of the data and the high likelihood
that the photometry is contaminated by emission from
adjacent sources or the extended dusty environment of
M 17. However, the Herschel 70µm data of UC 1, KW,
G015.128, source 1, and source 9 are treated as nominal
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TABLE 2
SED Fitting Parameters for Compact Sources in M17
Source Lobs Ltot Av Mstar Best Av Range Mstar Range Notes
(×103L) (×103L) (mag.) (M) Modelsa (mag.) (M)
KW 4.38 9.48 31.9 8.0 7 1.7 - 50.3 8.0 - 24.0 MYSO; 3.5cm (HCHII/jet)
IRS5 1.19 157.86b 25.2b 32.0b 5 21.2 - 33.5b 24.0 - 32.0b
UC1 22.96 858.44 79.5 64.0 8 53.0 - 79.5 48.0 - 64.0 MYSO; 1.3,3.5,6.0cm (UCHII)
CEN92 0.14 12.32b 5.3b 12.0b 5 2.5 - 26.0b 0.5 - 16.0b 3.5,6.0cm (jet)
Anon1 0.14 0.68 76.3 4.0 7 10.9 - 76.3 2.0 - 4.0
Anon3 1.07 2.59 26.5 2.0 5 26.5 - 75.5 2.0 - 24.0
G015.128 6.19 49.40 26.5 12.0 10 1.7 - 26.5 8.0 - 12.0 MYSO
1 3.01 13.30 26.5 8.0 10 8.4 - 31.0 8.0 - 16.0 MYSO
2 0.22 0.31 36.9 2.0 9 14.3 - 36.9 2.0 - 2.0
3 0.13 0.68 77.1 4.0 13 16.8 - 244.0 2.0 - 96.0
4 0.08 0.67 42.4 4.0 12 10.6 - 58.7 0.5 - 12.0
5 0.27 0.76 100.6 2.0 7 2.5 - 101.0 2.0 - 16.0
6 0.54 0.79 5.0 4.0 7 1.7 - 26.8 4.0 - 4.0
7 4.76 9.67 9.2 8.0 8 8.4 - 53.0 8.0 - 8.0 MYSO
8 0.21 10.84 73.8 12.0 12 59.5 - 82.2 12.0 - 12.0 MYSO
9 0.40 157.86 184.4 32.0 9 49.5 - 210.0 4.0 - 32.0 pMYSO
Note. — A “MYSO” in the right column denotes a MYSO candidate. A “pMYSO” indicates that their is greater uncertainty in the derived
physical parameters and that these sources are possible MYSO candidates. A detailed description of these definitions is given in Section 4.1 of
Paper I. If the infrared source is a point source in cm radio continuum, or at the location of a prominent radio continuum peak, the wavelength
of this is given in the right column (data are from Rodr´ıguez et al. 2012), along with any identification of the nature of the radio emission
[HCHII: hypercompact HII region; UCHII: ultracompact HII region; jet (based on spectral radio index)].
a The number of models in the group of best fit models. These models were used to determine the ranges of Mstar and Av.
b These sources are not considered to be MYSOs due to the fact that the SED fits to the data for these sources are poor. Further information
in §3.1.2 and §3.1.3 lead us to believe they are both perhaps intermediate mass Class II sources.
data points since they are isolated from or can be eas-
ily distinguished from any environmental contamination
(i.e., they had relatively flat background profiles which
could be properly subtracted by optimal extraction). For
this same reason, the Herschel 160µm data for source 9
is employed as nominal data point.
In general, we expect that MYSO fluxes will increase
as a function of wavelength in the near-infrared to far-
infrared. Chen et al. (2015) provided fluxes for UC 1 and
IRS 5 at 17.72µm, and as expected they are less than
our SOFIA 20µm fluxes (though they also agree to with
within the combined photometric errors). However, the
20.6µm flux values of Kassis et al. (2002) for these two
sources are unexpectedly less than the 17.72µm fluxes,
and quite significantly less than our 20µm flux values.
Kassis et al. (2002) also provide a 20.6µm flux value
for CEN 92 which is also slightly less than our SOFIA
20µm flux. Given this inconsistency with regards to
the expected flux vs. wavelength behavior of MYSOs,
and given the systematically lower flux values for these
sources compared to our data, we do not include the
20.6µm flux values from Kassis et al. (2002) in our anal-
yses of IRS 5, UC 1, and CEN 92.
As we did in Paper I, we set the upper error bar on
our photometry as the subtracted background flux value
(since background subtraction can be highly variable but
never larger than the amount being subtracted), and the
lower error bar values for all sources come from the av-
erage total photometric error at each wavelength (as dis-
cussed in Section 2 and Paper I) which are set to be
the estimated photometric errors of 20%, 15%, and 10%
for 4.5, 20, and 37µm bands, respectively. We assume
that the photometric errors of the Spitzer-IRAC 3.6, 5.8,
and 8.0µm fluxes are 20 % for the sources that are not
contaminated by PAH features. The lower error bars of
the 70 and 160µm data points are assumed to be 40%
and 30%, respectively, adopting the most conservative
(largest) uncertainties of the Herschel compact source
catalog (Molinari et al. 2016; Elia et al. 2017). We also
consider additional uncertainties for the SOFIA 20 and
37µm photometry of KW since it was located at an area
in the map where we combined the data from a flight
which suffered from poorer flux calibration accuracy (see
discussion in Section 2). Therefore, for KW only, we as-
sume larger total uncertainties of 20% and 15% for the
20 and 37µm photometry, respectively.
Once SEDs could be constructed from the photometric
data (and their associated errors or limits), we utilized
the ZT (Zhang & Tan 2011) MYSO SED model fitter
as we did in Paper I in order to investigate the physi-
cal properties of individual sources. The fitter pursues a
χ2-minimization to determine the best fit MYSO model
and provides additional models ordered by their χ2nonlimit
values. Being consistent with the analysis of Paper I, we
select a group of models that show χ2nonlimit values similar
to the best fit model and distinguishable from the next
group of models showing significantly larger χ2nonlimit val-
ues (see further discussion in Paper I).
Figure 12 shows the ZT MYSO SED model fits as the
solid lines (black for the best model fit, and gray for the
rest in the group of best fit models) on top of the derived
photometry points for each individual source. Table 2
lists the physical properties of the MYSO SED model
fits for each source. The observed bolometric luminosi-
ties, Lobs, of the best fit models are presented in column 2
and the true total bolometric luminosities, Ltot (i.e. cor-
rected for the foreground extinction and outflow view-
ing angles), in column 3. The extinction and the stellar
mass of the best models are listed in column 4 and 5,
respectively. In column 6, we provide the number of the
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Fig. 12.— SED fitting with ZT model for compact sources in M 17. Black lines are the best fit model to the SEDs, and the system of
gray lines are the remaining fits in the group of best fits (from Table 2). Upside-down triangles are data that are used as upper limits in
the SED fits. For the discussion of error bars and why some data are used as upper limits while others are not for different sources, see
§ 4.1.
models in the group of best model fits. The column 7
and 8 present the ranges of the foreground extinction
and stellar masses derived from the models in the group
of best model fits in column 6. Column 9 shows the iden-
tification of the individual sources based on the previous
studies as well as our criteria of MYSOs and possible
MYSOs (“pMYSOs”) set in Paper I. To summarize, the
conditions for a source to be considered a MYSO is that
it must 1) have an SED reasonably fit by the MYSO
models, 2) have a Mstar ≥ 8 M for the best model fit
model, and 3) have Mstar ≥ 8 M for the range of Mstar
of the group of best fit models. A pMYSO fulfills only
the first two of these criteria.
Looking to the inventory of compact sources and their
observational characteristics and derived physical param-
eters in M 17, we can make some overall assessments as
well as gross comparisons to the results of W 51 A from
Paper I. Though the number of identified sources is a
third the number found in W 51 A, we found that there
are no shock-dominated sources identified in our M 17
sample (W 51 A had only one such source), and 69% of
the sources in M 17 are PAH-dominated which is compa-
rable to the 77% seen in W 51 A. Perhaps more striking is
that for W 51 A, 41 of the 47 compact sources (87%) were
found via SED fitting to likely be MYSOs, whereas for
M 17 only 7 of 16 sources (44%) appear to be MYSOs.
One likely reason for this difference is that M 17 is al-
most three times closer than W 51 A, and many of the
lower-mass objects being detected in M 17 would not be
detectable if they were at the distance of W 51 A. The
most massive source in the M 17 region by far is UC 1,
weighing in at a best fit mass of 64 M. While this is a
sizable source, by comparison, we found in Paper I that
W 51 A contains 8 MYSOs with best-fit masses equal to
or greater than 64 M.
There are only two sources that are not fit well by
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the MYSO fitting algorithm we employ here. Looking at
both IRS 5 and CEN 92 in Figure 12, we see that the data
points are not well fit by any of the models to within
their error bars. For both of these sources, as we dis-
cussed in Section 3.1, there are peculiarities in their ob-
servational properties that lead us to assume they are
not embedded MYSOs, but instead perhaps lower-mass,
non-ionizing Class II objects. If these sources are indeed
low- or intermediate-mass Class II sources, then this may
be the reason why they are not well-fit by the MYSO fit-
ter.
4.2. Physical Properties of Extended Sources:
Kinematic Status and Global History
In Paper I, we studied the relative evolutionary states
of molecular clumps in W 51 A by comparing their kine-
matic and physical properties by deriving and cross-
correlating the virial parameter, αvir, and the luminosity-
to-mass ratio, L/M , of individual radio-defined extended
sources. Comparison of the two independent clump evo-
lutionary tracers, αvir and L/M , showed a correlation
in log-space for W 51 A where lower αvir and L/M indi-
cated younger clump evolutionary states. In this section,
we will apply the αvir versus L/M analysis to the M 17
molecular clumps in order to understand the star forma-
tion history of M 17. We will first begin by discussing
the techniques used.
4.2.1. The Luminosity-to-mass Ratio and The Virial
Analysis
Here we briefly demonstrate how we derive the bolo-
metric luminosity (L), mass (M), and virial parameter
(αvir). Since we follow the methods of Paper I with some
necessary modifications, we will explain the general anal-
yses as well as the difference between the methods used
in this study and in the previous study.
We estimated the mass of each molecular clump from
the mass surface density (Σ) map and the given distance
(1.98 kpc). The Σ map was derived by the pixel-by-pixel
graybody fitting method that was investigated in Lim
et al. (2016). We only used the Herschel -PACS 160µm
and Herschel -SPIRE 250, 350, and 500µm images for
the analysis so we could assume the optically thin limit
for the cold dust emission. We first convolved the four
shorter wavelength Herschel images to match to the an-
gular resolution of the 500µm maps (∼36′′). We then
applied a simple radiative transfer equation using the
optically thin assumption (see Equation 1 in Paper I),
and adopting the thin ice mantle dust opacity model of
Ossenkopf & Henning (1994) and a dust-to-gas mass ra-
tio of 1/142 (Draine 2011) to estimate dust opacity (κν).
We utilized the temperature (T ) maps at the 500µm
resolution as a template to derive higher angular reso-
lution Σ maps. We repeated the graybody fit using the
JCMT 850µm map with the template T map (re-grided
to match to the 850µm map). This enabled us to pro-
duce a high angular resolution Σ map (∼14′′), which in
turn allowed us to derive more accurate masses for the
molecular clumps.
The bolometric luminosity (L) of each molecular clump
defined in this study is derived from the two tempera-
ture graybody assumption as was performed in Paper I.
The integrated intensity inside the defined aperture for
each source at each image wavelength was calculated
to perform the two temperature graybody fitting. For
this we utilized the Spitzer-IRAC bands (3.6–8.0µm),
SOFIA-FORCAST 20 and 37µm, Herschel-PACS 70
and 160µm, Herschel-SPIRE 250, 350 and 500µm, and
JCMT -SCUBA2 850µm images. The JCMT 850µm
data have sufficient resolution that we used their mea-
sured integrated intensities as nominal data points in this
study. In addition to the photometric uncertainty levels
of each band as described in Section 2, for the large ex-
tended regions defined in Figure 13 one needs to also con-
sider the de-reddening effect, the contribution of different
temperature components, and nearby source contamina-
tion as additional errors. Accounting for this in the same
fashion as was done in Paper I, we assume ∼30% total
photometric uncertainty for 4.5µm, ∼40% for 20 and
37µm, and ∼50% for 70 and 160µm (Table 3). Tak-
ing into account the possibility of PAH contamination,
we treated the 3.6, 5.8, and 8µm intensities as upper
limits. The 250, 350, 500, and 850µm bands were also
considered as upper limits due to their poor angular res-
olution and the possibility of contamination by extended
emission from the environment. We also de-reddened
the flux of each wavelength by using the 1-D radiative
transfer equation of absorption, Fν,tot,1 ' F−τν,tot,0, where
Fν,tot,0 is the intrinsic flux and Fν,tot,1 is the observed
fluxes (i.e., with extinction). The opacity was estimated
using the median Σ of each clump so that τν = 1/2κν Σ˜.
We derived the virial parameter, αvir, assuming con-
stant density for the molecular clumps using Equation
2 in Paper I. The measurement of the gas kinematics
needed for that equation (i.e., σ, the FWHM of the
molecular line profile in km/s) was derived from the
13CO(1-0) data from the Nobeyama 45 m telescope ob-
servations of M 17 by Nishimura et al. (2018) which have
an angular resolution of ∼20′′. The uncertainty of αvir
was derived from the combined errors in the gas veloc-
ity width, derived clump mass, and distance estimation
so that the conservative total uncertainty of αvir is esti-
mated to be about a factor of 2 (e.g., Kauffmann et al.
2013).
4.2.2. The Relative Evolutionary States of the
Sub-Components of M 17
For W 51 A, we defined the extended but spatially sep-
arated radio sources that were already defined in previous
studies (e.g., Martin 1972) as the star-forming molecular
clumps containing embedded massive young star clusters
that are ionizing the extended H II regions seen in radio
continuum. To be consistent with that previous analysis,
we look at the only two radio sub-regions of M 17: M 17 N
and M 17 S. As shown in Figure 13, we create two ellipses
that cover most of the radio emitting areas of M 17 N
and M 17 S, based on the 21 cm continuum map of Felli
et al. (1984) and give the sizes and derived mid-infrared
fluxes within those ellipses in Table 3. Using the tech-
niques described in the previous subsection (§4.2.1), we
summarize the physical parameters we derived for both
clumps in Table 4, i.e., the virial mass (Mvir), clump
mass (M), bolometric luminosity (L), the derived warm
and cold temperature components (Tcold and Twarm), the
luminosity-to-mass ratio (L/M), and the virial parame-
ter (αvir). We also placed the locations of M 17 N and
M 17 S on the plot of virial parameter vs. luminosity-to-
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TABLE 3
Observational Parameters of Major Extended Sources in M17
Source R.A. Dec. atot btot PA F20µm,tot F37µm,tot
(′′) (′′) (◦) (Jy) (Jy)
M 17 N 18 20 34.2 -16 08 37.7 288.40 103.96 25 2.27E+04 5.68E+04
M 17 S 18 20 23.8 -16 12 22.8 218.99 100.51 50 2.76E+04 8.21E+04
Triple 18 20 35.2 -16 06 12.0 34.06 · · · · · · 3.08E+02 1.17E+03
Cavity 18 20 31.2 -16 10 54.8 39.30 · · · · · · 4.67E+02 1.79E+03
Note. — R.A. and Dec. are for the center of the ellipses which have semi-major
and semi-minor axes defined by atot and btot, respectively. The fluxes for the sources
Cavity and Triple are defined by circular aperture whose radii are given solely by atot.
Photometric uncertainties are estimated to be 40% for both 20µm and 37µm.
TABLE 4
Derived Parameters of Major Extended Sources in M17
Source Mvir M L Tcold Twarm L/M αvir
(M) (M) (×104L) (K) (K) (L/M)
M 17 N 772.8 481.4 195 47.7 186.1 2022.8 1.61
M 17 S 1261.8 4337.2 296 50.1 188.6 340.9 0.29
Triple 338.9 48.3 3.01 46.8 203.2 312.1 7.02
Cavity 187.4 19.6 4.82 77.4 198.9 1229.8 9.56
Note. — The bolometric luminosity (L) of the source a–h are not derived due to
the high contamination toward Ftot of warm temperature regime by background
PDR emissions.
mass ratio in Figure 14 along with the data from W 51 A.
In this plot we see that M 17 N has a higher value of both
αvir and L/M than M 17 S, suggesting that M 17 N is
more evolved. However, while these two points for M 17
seem to show an agreement with the slope of the W 51 A
data, they are off by factor of ∼1.0 dex in the direction
of higher L/M . It is unknown if the slope of the αvir vs.
L/M relation has a universal value or not. As we con-
tinue to add data from other GH II regions in this survey,
we intend to explore this issue. If the slope is indeed uni-
versal, a reason for the offset of the M 17 N and M 17 S
points from the relationship seen in W 51 A could be that
we are deriving much larger luminosity values for them
due to the high levels of external heating of both M 17
sub-regions by the revealed open cluster NGC 6618. Such
external heating contributes significantly to the bolomet-
ric luminosity in the warm temperature regime, i.e. λ ∼
3.6–20µm, and as we discussed in Paper I, the warm tem-
perature component of the SED dominates the bolomet-
ric luminosity estimate (while the mass estimates of the
clumps are more sensitive to the cold SED component).
While the evolutionary trend between M 17 N and
M 17 S is believed to be real, one might also consider
these regions to be too large for this type of analysis,
i.e. using the whole of M 17 N and M 17 S to represent
individual star-forming molecular clumps. The largest
region in W 51 A that we considered to be a clump was
G49.5-0.4b which measured 11.2 pc2, compared to 8.7 pc2
for M 17 N, though most were smaller. However, because
the entire M 17 GH II region is pervaded at mid-infrared
and radio continuum wavelengths by the heat and ioniz-
ing flux of the revealed cluster of NGC 6618, we cannot
easily distinguish in those maps any separated, smaller,
star-forming molecular clumps that may exist.
In the far-infrared and submillimeter there is practi-
cally no contamination by either the heating or the ion-
izing flux of the NGC 6618 cluster, so we turned there to
look for smaller potential star-forming molecular clumps
within M 17. We examined the 850µm JCMT -SCUBA
map (Reid & Wilson 2006) and selected the four bright-
est and most obvious 850µm clumps in M 17 N and five
of the most obvious clumps in M 17 S (Figure 13). These
were found via an optimal extraction method that looked
for structures on the scale of ∼20′′ so as to match the
size-scale of the sources seen in the (coarser resolution)
CO data. One of the submillimeter clumps in the north
corresponds to G015.128, or the Triple, and unlike the
other submillimeter-defined clumps it does appear as a
separate source in the mid-infrared from the bar of emis-
sion in M 17 N. In this analysis we name it ‘Triple’. We
named the rest of the submillimeter regions from a to h in
the order of ascending right ascension, with a–e belong-
ing to M 17 S and f–h to M 17 N. We also decided to place
an aperture around the central region of the NGC 6618
cluster, which has diffuse mid-infrared and submillime-
ter emission, but does show substantial molecular line
(13CO) emissions, and we named the region ‘Cavity’.
The locations and sizes of all of these regions are shown in
Figure 13. Since both the Triple and Cavity are separate,
distinguishable regions in the mid- and far-infrared, we
added them to Table 3, computed their physical param-
eters, including αvir and L/M (see Table 4), and placed
their locations in the plot of αvir vs. L/M (Figure 14).
Interestingly, the location of the Triple on the plot αvir
vs. L/M has it lying along the general trend seen for
the W 51 A sources. If the slope of the trend in αvir
vs. L/M for W 51 A is universal, the Triple might lie
along this trend because, unlike M 17 N and M 17 S, it
is situated north of the extended radio emission of M 17
and likely not influenced by the environmental heating of
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Fig. 13.— The regions within M 17 used in our investigation
into the evolutionary states of the substructures within the GH II
region. a) The 37µm SOFIA map, where the thin white lines are
the lowest level contour of the 21 cm radio continuum map of Felli
et al. (1984). b) The JCMT 850µm map of the same region. The
large white ellipses in both panels are the sources for which there
are analogous structures in the infrared, submillimeter, and radio
continuum. The red circles are the submillimeter-defined peaks
and substructures. These sources are referred to in Tables 3 and
4.
NGC 6618. In any case, both evolutionary tracers point
to the Triple as being a highly evolved clump, but not as
evolved as the Cavity. The Cavity, as expected, is shown
to have an extremely high virial parameter indicative of
an expanding, unbound, clump which would be appro-
priate for the material left over in the area around such
an evolved stellar cluster.
For the submillimeter-defined sources (a–h), we be-
lieve that their mid-infrared emission is likely dom-
inated by external environmental heating and there-
fore estimates of the bolometric luminosity (and con-
sequently their L/M ratio) cannot be trusted. We
therefore calculated just their virial parameters as an
evolutionary tracer since those calculations require far-
infrared/submillimeter continuum and millimeter molec-
ular line emission data only. These derived αvir values
Fig. 14.— The αvir vs. L/M of mid-infrared extended sources
which are potentially molecular clumps. The colored dots show
individual clumps as indicated in the plot. The blue dots are the
data points from W51A areas (Paper I). The black dots are the
molecular clump candidates of this study. The error bars drawn
in the bottom-right corner represent the factor of 2 error for both
αvir and L/M .
along with cold temperature fits to the long wavelength
data and their derived masses are tabulated in Table 5.
As we have stated, the overall conclusion from Fig-
ure 14 is that the M 17 S region appears relatively
younger, while the source Cavity appeared as one the
oldest regions in M 17 then followed by Triple. This evo-
lutionary trend is supported by the αvir values of source
a–h. As shown in Table 5, the αvir of the clump candi-
dates in M 17 S (a–e) are all under 2, meaning gravita-
tionally bound and younger, while all of the sources in
M 17 N (f–h) are all larger than 2, and thus unbound and
older.
4.2.3. The History of Stellar Cluster Formation in M17
Povich et al. (2009) studied star formation history of
the 1.◦5×1◦ area around M 17. They claimed that an ex-
tended bubble (∼30′ diameter, named M 17 EB) located
to the north of M 17 may have sequentially triggered star
formation (Elmegreen 1992) within the M 17 cloud, in-
cluding the formation of NGC 6618 cluster. This con-
clusion was based on comparisons of the estimated YSO
ages via YSO SED fitting (Robitaille et al. 2006) toward
the Spitzer point sources defined in Povich et al. (2009) as
well as the morphologies of the dense gas structures lining
up around the rim of the M 17 EB expanding shell. The
star cluster residing almost at the center of M 17 EB and
the prominent high-mass stars inside M 17 EB show older
YSO ages than the members of NGC 6618. Hoffmeis-
ter et al. (2008) claimed the triggering star formation in
M 17 may have occurred only locally, i.e. by the expand-
ing shell of the M 17 H II region into the northern and
southern bars, instead of such a large scale triggering
effect insisted by Povich et al. (2009).
Our evolutionary tracers, αvir and L/M , of the ex-
tended sources in M 17 allow us to comment on the pos-
sibility of both external and local triggering scenarios. If
triggering occurred only locally by the expansion of the
ionization and shock fronts caused by the most massive
stars at the center of NGC 6618 into the molecular cloud
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TABLE 5
Observational and Physical Parameters of Submillimeter-Defined
Clumps in M17
Source R.A. Dec. Rtot Mvir M Tcold αvir
(′′) (M) (M) (K)
a 18 20 18.8 -16 11 19.8 28.1 354.8 332.1 39.2 1.07
b 18 20 20.9 -16 12 42.8 28.1 276.4 582.1 37.6 0.47
c 18 20 23.1 -16 11 38.4 37.1 456.5 780.2 44.8 0.59
d 18 20 24.1 -16 13 24.4 21.2 185.0 216.1 41.8 0.86
e 18 20 28.7 -16 13 34.3 24.4 163.4 82.3 47.8 1.98
f 18 20 31.1 -16 08 32.2 34.7 151.7 52.0 45.8 2.92
g 18 20 35.4 -16 08 26.3 21.3 75.5 20.1 40.3 3.75
h 18 20 42.5 -16 08 27.7 30.9 178.0 14.4 44.9 12.36
Note. — R.A. and Dec. are for the center of the apertures defined by
Rtot. The Mvir, M , Tcold, and αvir are defined as same as Table 4
that formed M 17, then one would expect that the re-
gions of M 17 N and M 17 S should have approximately
the same evolutionary state, and therefore similar αvir
and L/M values, which is not the case. If M 17 were
created purely by external triggering by the expansion of
M 17 EB from the north, we would expect a trend in our
evolutionary tracers where regions would be older to the
north and younger to the south (i.e., oldest to youngest:
Triple, M 17 N, Cavity, M 17 S). What we see is that the
Cavity seems to be the oldest region, inconsistent with
this scenario.
While we don’t necessarily see the effects of triggering
from M 17 EB, we might perhaps be seeing its influence
kinematically on M 17 in our derived virial parameters.
Both the Triple and region h are located near the bound-
ary of the expanding shell of M 17 EB and the expanding
GH II region of M 17, and both have extremely high val-
ues of αvir (7.02 and 12.36, respectively). This may be
due to the two shocks from M 17 EB and M 17 H II re-
gions colliding around the location of source h, injecting
a large level of kinetic energy there and resulting in what
we see as the highest αvir value in the region.
4.3. Present and future star formation in M 17
Lada (1976) claimed that, based on CO observations,
the M 17 SW molecular cloud that peaks to the southwest
of M 17 S should be dense enough to undergo collapse via
self-gravitation. Consequently, if there is to be a likely
area for present (and future) star formation activities,
M 17 SW would be it. Hoffmeister et al. (2008) postu-
late that the KW Object, UC 1, and IRS 5 along with
some other near-infrared excess sources likely represent
a recent phase of star formation spatially independent
of the revealed, large, OB cluster at the heart of the re-
flection nebula of M 17. However, apart from these few
prominent infrared-bright sources, the apparent dearth of
identified YSOs has been pointed out by several authors
(e.g., Jiang et al. 2002). Our finding of only 7 sources
in M 17 that are likely to be MYSO candidates is indeed
markedly smaller than the number of MYSO candidates
(41) within W 51 A. However, our observed area of M 17
is 5.8 pc × 5.8 pc, while for W 51 A we observed an area
of approximately 27 pc × 11 pc (i.e. ∼9× larger). By a
simple source-per-area argument and extrapolating from
W 51 A, one would expect that M 17 should house about
5 MYSO candidates, which is roughly consistent with the
7 MYSO candidates we catalogued.
On the other hand, there does seem to be a dearth
of YSOs when compared to the previous star formation
episode that yielded the rich OB cluster of NGC 6618.
While that may be the case, M 17 is, physically, a rel-
atively small GH II region and may not produce an-
other episode of star formation like the previous one.
The largest reservoir of material left in M 17 is M 17 SW,
which only contains ∼5×103 M of gas (Wilson et al.
2003), and therefore does not have enough mass to
produce a large cluster of several hundred stars like
NGC 6618 (which has more than 100 stars more massive
than spectral type B9) in the future.
As for the present epoch of star formation, Romine et
al. (2016) found that there are about as many X-ray pro-
tostars as infrared protostars in M 17, many of which can-
not be detected against the bright infrared nebular emis-
sion of M 17. Because low-mass protostars demonstrate
high levels of magnetic activity on their surfaces through-
out their protostellar evolution, these X-ray sources are
likely to be just that. It may be that the present epoch
of star formation coming from the M 17 SW molecular
cloud predominantly consists of low-mass YSOs.
5. SUMMARY
In this, our second paper from our mid-infrared imag-
ing survey of Milky Way Giant H II regions, we obtained
SOFIA-FORCAST 20 and 37µm images toward the cen-
tral ∼10′×10′ area of M 17. We compared these SOFIA-
FORCAST images with previous multi-wavelength ob-
servations from various ground- and space-based tele-
scopes in order to inspect morphological and physical
properties of compact and extended sources in M 17. We
itemize below the summary of major discoveries made in
this study.
1) The significantly different appearance in morphol-
ogy and brightness distribution of emission in M 17 at
20µm when compared to any other infrared wavelength
implies that it traces different physics within the same
environment. Spectra of regions within M 17 show that
the brightness of the [S III] line at 18.71µm tracks with
the brightness of the emission seen in the 20µm filter of
FORCAST (whose bandpass is ∼17 to ∼23µm). The
20µm image, therefore, seems to trace better the large-
scale ionized gas structure of M 17, while the 37µm image
traces the dust continuum emission, making its appear-
ance more consistent with Spitzer-IRAC and Herschel -
PACS images.
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2) Previous near-infrared images resolved the
Kleinmann-Wright object into a binary (Chini et al.
2004), however we determine that only KW-1 appears
to have any significant emission in the mid-infrared.
The object is seen as a source separate from the M 17 S
infrared-emitting region, and lying more than 0.6 pc
from any other mid-infrared point source. This may
indicate KW is an isolated system, and not, as previ-
ously suggested, a central member of a young stellar
cluster (Chini et al. 2004). We determine that KW has
a mass of 8 M, in keeping with previous suggestions
that it is perhaps a Herbig Be object (Chini et al. 2004).
We resolve the emission from the KW object and find
that it is extended at 20 and 37µm. This extension
is consistent with the angle of the bipolar polarization
pattern seen by Chen et al. (2012), suggesting that
the mid-infrared morphology may be influenced by an
outflow from within the KW object.
3) The two brightest infrared sources in the M 17 S re-
gion are UC 1 and IRS 5. While IRS 5 has no detected
radio continuum emission, UC 1 is a bright hypercom-
pact H II region (e.g., Rodr´ıguez et al. 2012). Our mod-
eling of the SED of UC 1 suggests that it is the most
massive MYSO in M 17, weighing in at 64 M. While
UC 1 and IRS 5 have comparable brightnesses at wave-
lengths <20µm, IRS 5 is significantly fainter at 37µm
and not seen in the Herschel 70µm images. It cannot be
well-fit by our MYSO model fitter. We suggest it is a
intermediate-mass Class II object and not a MYSO.
4) Previous near-infrared studies of G015.128 showed
it to be a triple source (Jiang et al. 2002; Chen et al.
2012), however we find that only one of these sources,
T1, dominates the emission at 20 and 37µm.
5) In addition to seven previously identified infrared
sources, we detect and identify an additional nine new
compact sources in M 17 at 20 and 37µm. However, we
do not detect most previously identified YSOs and/or
high-mass Class I sources identified at near-infrared
wavelengths. This is likely due to the fact that some
sources have been misclassified, or are lower-mass and/or
more evolved sources and not true MYSOs.
6) We utilized Spitzer -IRAC, SOFIA-FORCAST, and
Herschel -PACS photometry data to construct SEDs of
all 16 compact sources identified. We fit the SEDs with
MYSO models and found 7 sources that are candidate
MYSOs based on those fits. This is significantly fewer
MYSOs than identified in the W 51 A GH II region in
Paper I. We suggest that differences in size and distance
of the two GH II regions are likely at play.
7) We calculated the luminosity-to-mass ratio and
virial parameters of the extended sub-regions of M 17 to
estimate their relative ages quantitatively. The results
suggest that M 17 S is younger than M 17 N. This seems
consistent with the fact that the bulk of the dense molec-
ular material in the region exists in the M 17 S/M 17 SW
area, and that this is also where we find the vast major-
ity of the presently forming YSOs we detect at 20 and
37µm.
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APPENDIX
DATA RELEASE
The fits images used in this study are publicly available at: https://dataverse.harvard.edu/dataverse/SOFIA-GHII.
The data include the SOFIA FORCAST 20 and 37µm final image mosaics and their exposure maps, as well as the
individual 20 and 37µm images of Source 1.
DISCUSSION OF INTERESTING AREAS WITH M 17
Apart from the individual sources, there are a couple of regions of M 17 that are particularly interesting as seen in
the 20 and 37µm data, especially when comparing them to other wavelengths. Both regions contain “pillars” that
reside within the central cavity of M 17, but have unique differences.
Fig. 15.— Area of Interest 1 (a-e) and Area of Interest 2 (f-j). The wavelength is given in the upper right and the resolution of the
images are shown at the lower left corner of each panel that shows a single wavelength image. On the bottom of the RGB image panelss
the wavelengths representing each color are given. The red lines in a) lie to either side of the negative source and the yellow lines lie to
either side of the bright arc discussed in the text.
Area of Interest 1
Located on the inner cavity wall of M 17 N there are a few interesting structures separated by about an arcminute
in declination. The first is a “pillar” of dust, seen as a dark area against the bright nebular background in the SOFIA
20µm (Figure 15b). In the Spitzer -IRAC 3.6µm image, the dark pillar is outlined in emission (Figure 15a). Because
this emission is not seen at longer wavelengths, this is likely to be either scattered light off of the surface of the pillar
and/or the hot dust emission on the outermost surface of the pillar. Looking to the Herschel data at 70µm (Figure
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TABLE 6
The Literature-Based Observational Parameters of the KW Object
3.92µm 4.64µm 8.28µm 8.70µm 12.13µm 14.65µm 17.72µm 21.34µm
Fint−bg (Jy) 4.40 5.77 22.8 30.9 32.6 33.1 55.5 68.8
Uncertainty (%) 15 15 20 10 20 20 25 30
Note. — The mid-infrared flux photometry of KW source. The flux values are adopted from Chini
et al. (2004).
TABLE 7
The Literature-Based Observational Parameters of the CEN92, IRS 5, and UC1 Objects
Sources F8.7µma F9.8µmb F10.38µma F10.53µmb F11.7µmb F11.85µmc F17.72µma
(Jy) (Jy) (Jy) (Jy) (Jy) (Jy) (Jy)
CEN 92 · · · 1.5± 0.2 · · · 1.8± 0.3 2.1± 0.1 · · · · · ·
UC 1 18.7± 1.3 6.8± 0.4 7.3± 1.0 9.4± 0.6 25.4± 1.3 31.3± 1.1 114.67± 29.7
IRS 5 3.2± 1.6 7.0± 0.4 6.8± 1.5 8.0± 0.5 10.6± 0.6 9.7± 1.1 130.0± 31.0
Note. — The mid-infrared flux photometry of CEN 92, UC 1, and IRS 5 sources. The flux values are
adopted from Kassis et al. (2002) and Chen et al. (2015). The fluxes for CEN 92 are only from Kassis
et al. (2002).
a The TIMMI2 bands on 3.6 m ESO telescope (Chen et al. 2015).
b The MIRAC2 bands on IRTF (Kassis et al. 2002).
c The VISIR band on VLT (Chen et al. 2015).
15d), one can see that the pillar is now seen brightly in emission. At 37µm the source can not be easily differentiated
from the background emission (Figure 15c). Given this behavior as a function of wavelength it can be ascertained
that the pillar is comprised of cold and dense material and is located in the foreground part of the nebula. The pillar
also protrudes from the wall of M 17 N and points towards the central members of the ionizing cluster NGC 6618. At
3.6µm, there is also a star seen at the tip of this pillar. It is therefore likely that the dense core that formed this star
shielded the pillar from photo-evaporative erosion caused by the brightest stars of NGC 6618, and is thus the reason
for the pillar’s existence.
About an arcminute to the north of the pillar is another source that behaves similarly to the pillar as a function of
wavelength, yet is a compact source (it lies between the red lines in Figure 15a). Like the pillar, at 20µm the source
is a negative. It is also seen as a negative source at 3.6µm, however it emits quite brightly at 70µm. Also like the
pillar, at 37µm the negative source can not be easily differentiated from the background emission. This is therefore
likely to be a colder molecular core located in the foreground part of the nebula.
There is also a very bright arc-like structure, seeming to radiate away from the negative source pointing to the
southwest (it lies between the yellow lines in Figure 15a). This arc is the brightest structure in the area at 20µm,
yet is only modestly bright at 3.6 and 37µm (and not detected at 70µm). Though they are close in proximity, the
negative source and the arc are likely not related. North of the bright arc there is a star seen at 3.6µm and it appears
the arc is wrapping partially around it. Therefore, it is possible that the arc is being heated by this star that is seen at
3.6µm. However, the strong 20µm emission of the arc is likely due to ionization which can generate substantial [S III]
emission at 18.71µm, enhancing the flux observed in that filter (Appendix D). It is unlikely that the nearby 3.6µm
star is responsible for this ionization, since no compact radio continuum emission source was detected at this location
by Rodr´ıguez et al. (2012). It is therefore more likely that the arc is being ionized and heated from the south by the
more massive stellar members in the center of the NGC 6618 cluster.
Area of Interest 2
In the center of the observed field, there is another mid-infrared source that appears to look like a “pillar” within
the inner cavity of M 17, this time protruding from the inner wall of M 17 S (see Figures 2 and 3). It is narrow in
width (≤8′′) and about 40′′ in length (0.4 pc). However, it behaves very differently as a function of wavelength than
the previously mentioned pillar (Figure 15 a-e). Rather than being a negative source at 20µm, it is brightest at that
wavelength (Figure 15 g). It is barely visible at 3.6 and 37µm (Figure 15 f&h), and only the very tip is visible at
70µm (Figure 15 i). Given this behavior as a function of wavelength, it is like not a true pillar of material. At 3.6µm
(Figure 15 f) it appears that the majority of revealed stars are north of this feature, and at 70µm there is a dense
(and hence brighter) area of cold dust to the south of the feature. Therefore, the morphology at 20µm might be an
edge-on view of the interface between a ridge of dust and the ionizing and heating stars interior to it.
Surveying GH II Regions: II. M 17 23
TABLE 8
Spitzer-IRAC bands Observational Parameters of Compact Sources in M17
3.6µm 4.5µm 5.8µm 8.0µm
Source Rint Fint Fint−bg Fint Fint−bg Fint Fint−bg Fint Fint−bg
(′′) (Jy) (Jy) (Jy) (Jy) (Jy) (Jy) (Jy) (Jy)
IRS5a 4.2 0.4610 0.3343 0.5997 0.3866 2.7970 1.8334 · · · · · ·
UC1a 3.0 0.6207 0.4130 1.4319 1.1007 6.4691 5.0239 · · · · · ·
CEN92a 3.0 0.3210 0.2301 0.3377 0.2427 0.9348 0.3825 2.6506 0.8838
Anon1 3.0 0.0528 0.0039 0.0812 0.0148 0.3844 0.0577 1.3252 0.0614
Anon3a 4.2 0.3299 0.0851 0.3680 0.1012 2.5208 0.9260 7.8844 2.4335
G015.128a 10.2 0.1004 0.0453 0.0992 0.0443 0.6705 0.1092 1.6035 0.1930
1a 5.4 0.2547 0.1818 0.3073 0.2439 3.9209 2.4356 11.1693 6.4071
2a 3.0 0.0308 0.0023 0.0328 0.0049 0.3697 0.0349 0.9896 0.0543
3a 3.0 0.0410 0.0064 0.0425 0.0098 0.4488 0.0841 1.2320 0.0811
4 2.4 0.2602 0.1911 0.4978 0.4272 1.3501 0.8186 2.1925 0.6750
5 3.0 0.1065 0.0346 0.2629 0.1739 0.7691 0.3349 2.0103 0.4474
6a 4.8 0.2005 0.0692 0.1973 0.0597 1.5262 0.2568 4.3840 0.5995
7a 9.0 0.8138 0.3330 0.8743 0.3941 5.4793 1.8169 16.4378 4.8067
8a 3.0 0.4669 0.4234 0.9658 0.9100 2.6997 2.3341 · · · · · ·
9a 2.4 0.0575 0.0193 0.0464 0.0113 0.2962 0.0580 1.0350 0.1390
Note. — Same as Table 1 but for Spitzer -IRAC bands. The center positions of the apertures are
based on SOFIA observation in Table 1. The KW source is not included in this table due to the
saturation at all Spitzer-IRAC bands. See Table 6 for the flux photometry of KW source. Sources
with no data at 8µm are saturated in that band.
a PAH-contaminated sources as determined by the color-color diagram analysis in Fig. 11.
TABLE 9
Herschel-PACS bands Observational
Parameters of Compact Sources in M17
70µm 160µm
Source Rint Fint Rint Fint
(′′) (×103Jy) (′′) (×103Jy)
KW 16.0 0.55 22.5 1.73u
IRS5 16.0 5.91u 22.5 4.85u
UC1 16.0 2.82 22.5 4.26u
CEN92 16.0 3.43u 22.5 4.37u
Anon1 16.0 3.93u 22.5 5.79u
Anon3 16.0 3.89u 22.5 5.27u
G015.128 16.0 0.43 22.5 0.94u
1 16.0 0.12 22.5 0.55u
2 16.0 2.15u 22.5 3.34u
3 16.0 2.16u 22.5 3.51u
4 16.0 2.39u 22.5 2.30u
5 16.0 3.98u 22.5 5.58u
6 16.0 1.04u 22.5 1.97u
7 16.0 1.77u 22.5 2.85u
8 16.0 0.61u 22.5 0.69u
9 12.8 0.03 13.5 0.03
Note. — Same as Table 8 but for Herschel-
PACS 70 and 160µm observation.
u The Fint value is used as the upper limit since the
source is not well resolved in the band.
ADDITIONAL PHOTOMETRY OF COMPACT SOURCES IN M17
As discussed in § 4, in addition to the fluxes derived from the SOFIA-FORCAST data, we used some additional
photometry data in or SED analyses from the literature, as well as measured fluxes for our sources from both Spitzer -
IRAC and Herschel -PACS. For the KW object we adopted the additional fluxes tabulated in Table 6. For CEN 92,
IRS 5, and UC 1, we adopted the additional fluxes tabulated in Table 7.
As we mentioned in § 4.1, we performed optimal extraction photometry for the FORCAST 20 and 37µm images
to define the location of all compact sources, and to determine the aperture radii to be used for photometry. Using
these source locations, we employed the optimal extraction technique on the Spitzer -IRAC 8µm data for all sources
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to find the optimal aperture to be used for all IRAC bands (since the source sizes are typically similar or smaller at
the shorter IRAC bands). As we have done for the FORCAST images, we estimated the background emission from
the annuli that showed the least contamination from nearby sources, i.e. showing relatively flat radial intensity profile
(§ 4.1). Table 8 shows the photometry values we derive for all sources from the Spitzer -IRAC bands.
Table 9 shows the photometry result for the Herschel -PACS bands. We use fixed aperture radii for both PACS bands
(Rint=16.
′′0 for 70µm and Rint=22.′′5 for 160µm), except for source 9 whose aperture is based on the PSFs of relatively
isolated sources. In general, this aperture size cannot be determined accurately using the optimal extraction technique
due to the ubiquity of extended emission from nearby sources that are overlapping the source being measured. We
compared our aperture sizes to those typically used in the Hi-GAL Compact Source Catalogue (Elia et al. 2017;
Molinari et al. 2016). That catalogue employs aperture sizes comparable to the ones we used in this study. We
therefore believe that the fixed aperture sizes we employ here are reasonable, especially since the data are only being
used to provide upper limits to our SED model fits in most cases.
Fig. 16.— The top left is a two-color image of a region of M 17 S where green is SOFIA-FORCAST 20µm and red is SOFIA-FORCAST
37µm. For additional clarity we overlay gray contours from the FORCAST 20µm image. The gray stars are the locations of spectral
observations P1-P3 from Povich et al. (2007). The large numbered circles show the positions of the spectra taken by ISO, and the size
of the circles approximates the equivalent area that is being sampled by the ISO spectrometer at 20µm. The large circles displayed in
white correspond to the locations of the ISO spectra which are shown in the right column of plots. The three spectra in the right column
are shown with a wavelength range equal to that of the FORCAST 20µm passband, and it appears these contain only dust continuum
and [S III] line emission at all positions. The panel along the bottom of the figure shows a spectrum from 15 to 42µm at the location of
position 2. Overplotted in blue are the FORCAST 20µm and 37µm filter profiles normalized so that their peak transmissions are at 100%.
Overplotted in gray is the atmospheric transmission of a typical SOFIA observation (i.e. 41,000 ft aircraft altitude, telescope at a zenith
angle of 45◦, with 7µm of precipitable water vapor overburden) using the ATRAN model (Lord 1992). All ISO spectra shown are fully
reprocessed spectra from Sloan et al. (2003).
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CONTAMINATION BY [S III] IN THE FORCAST 20 MICRON FILTER IN IONIZED REGIONS
As discussed in § 3, the appearance of the large-scale emission of M 17 looks different in the images taken with the
FORCAST 20µm filter than the images at any other wavelength we used in this study. In fact the shorter wavelength
images , i.e. Spitzer -IRAC 3.6, 4.5, and 5.8µm images (8.0µm is saturated), look more similar to the longer wavelength
images, i.e. FORCAST 37µm and Herschel -PACS 70µm, than what is seen in the FORCAST 20µm images. The
only possible explanation is that there is some other form of emission other than dust continuum emission present
which emits brightly at wavelengths between ∼17 and ∼23µm (i.e. the FORCAST 20µm bandpass).
Povich et al. (2007) showed Spitzer -IRS 9.9-19.6µm spectra (with slit size 4.′′7×11.′′3 and a spectral resolving power
of ∼600) taken at four discrete locations in the M 17 SW region which were labeled P1-P4, where the distance from
the center of M 17 increased from P1 to P4. There is an emission line seen at 18.71µm from [S III] at each of these
locations, and there is a trend where the [S III] line was brightest at P1 (∼240 Jy) and decreased in brightness from P1
to P4. [S III] is a known tracer of ionized gas in H II regions (e.g. Dopita et al. 2006), so the drop off in line brightness
as one moves away from the brightest regions of free-free emission was to be expected. Three of the locations from
Povich et al. (2007) are shown in Figure 16 (the fourth lies further off the image to the southwest). Only P1 was in
an area where we detect significant 20µm emission with FORCAST.
We found additional unpublished data in the ISO archive, taken at positions that corresponded better to the location
of the 20µm emission. These were part of a program where ten 2.38–45.21µm spectra (i.e. the SWS01 mode, with
spectral resolving power of 1000-2500) were taken at positions stepped perpendicularly across the entire M 17 S bar
(Figure 16). In these spectra we see that there is a definite trend of brighter [S III] line emission with brighter 20µm
flux that holds across all ten of the spectra sampled. We chose three representative positions to demonstrate this and
show them in Figure 16. If one were to take a cross-sectional cut through our 20µm data along the series of ISO
positions, the location of position 2 (ISO Observation ID TDT09900212) would be near the maximum 20µm flux;
position 4 (TDT09900214) would be near the drop-off in our detected 20µm emission, and position 6 (TDT32900866)
would be in an area where we see very little emission at 20µm. The spectra from these three positions are also shown
in right-hand panels of Figure 16, and it can be seen that the [S III] line emission brightness at 18.71µm trends with
the FORCAST 20µm flux, with the brightest [S III] line emission reaching a couple of thousand Jy at the location
of position 2 where the 20µm flux is highest. It should be stated that all of these ISO spectra were sampled within
a variable aperture size from 14′′×27′′ at wavelengths around 20µm to 20′′×33′′ around 37µm. Given such large
apertures, it is likely that the line strengths vary quite considerably within subregions of the aperture and could be
much higher than seen in the spectra presented.
The bottom of Figure 16 also shows a 15–42µm spectrum of position 2 with the 20 and 37µm FORCAST filter
profiles overlaid. The transmission profiles of the filters are normalized with their peak transmissions at 100%, and
take into account all transmission elements below the atmosphere (i.e. telescope and instrument optics, and detector
quantum efficiency as a function of wavelength). It can be seen from this figure that the only non-continuum emission
source in the 20µm passband is the [S III] line at 18.71µm.
The FORCAST 37µm filter is actually quite broad and there was some concern as to why this filter was not affected
as well, since there is an even brighter [S III] line at 33.48µm. Figure 16 shows that the FORCAST 37µm filter has
only a few percent transmission at 33.48µm, and the other lines present in its passband ([Ne III] at 36.01µm and
[Si II] at 34.81µm) are rather weak. Therefore, the 37µm filter can be considered to be dominated by dust continuum
emission.
This enhanced flux measured in regions of ionized emission may not be unique to FORCAST observations at 20µm.
Most mid-infrared instruments have a filter centered near 20µm, and so caution should be taken when using data
from similar filters. For instance, a comparison of surface brightnesses derived from the 22µm (Band E) data from
the the Midcourse Space Experiment (MSX) to our FORCAST 20µm surface brightnesses for other ionized sources
we are studying show similar values. This is likely because this MSX filter has a bandpass (∼18 to ∼25µm) that also
encompasses the [S III] line at 18.71µm. However, the Wide-Field Infrared Survey Explorer (WISE) 22µm (Band 4)
and Spitzer -MIPS 24µm filters do not have passbands that would be affected by this line.
